The cuticle structure of squid Illex argentinus pen was investigated by enzymatic hydrolysis, amino acid analysis, scanning electron micrography observation and electrophoresis of proteins in each enzyme(s)-treated squid pen. It is suggested that a thin layer of collagen-like substance was coated outside the pen, which comprised 22% of total protein in the pen. Under this layer, there was a row of chitinous lamella (1.7 mm for each lamellae). A number of cuneiform protein particles (0.1 ¥ 0.3 mm) that could not be hydrolyzed by collagenase but could be hydrolyzed by alcalase were bound to the lamella. The spaces (0.5 mm) between each two lamella were filled with proteins. These proteins included those that could be hydrolyzed by alcalase and those that could not be hydrolyzed by alcalase, nor be dissolved in phosphate buffer solution.
INTRODUCTION
Chitin is a linear polysaccharide consisting of b-(1,4)-linked-2-acetamido-2-deoxy-D-glucose and it is estimated that 2.3 ¥ 10 12 kg of chitin is produced annually by organisms on Earth. 1 Chitin isolated from crab shells and shrimp shells is structurally classified into the a-form, while squid pen is classified into the b-form. 2 The common procedures for isolating chitin from crustacean shells are decalcification (or demineralization), deproteinization and decoloration. However, from squid pen, decoloration is omitted, as pigments are rarely found in the pen. 2 Chemically, minerals in the shells are conventionally dissolved using hydrochloric acid while the proteins are hydrolyzed by alkalis, and the residues are decolorized using solvents and/or oxidants. The procedure for the removal of minerals and proteins can be altered according to the intended use of the waste liquid. The chemical treatment, however, may lead to a partial deacetylation and depolymerization of the chitin, which may be detrimental to the preparation of biomedical materials. 3, 4 In contrast, deproteinization using microorganisms can produce chitins that are more suitable for controlled preparation of chitosan for biomedical applications. 3 As a-chitin and b-chitin differ in their structures, both forms of chitin have their specific uses.
For example, b-chitin is a good material for the processing of artificial skin. 5 In our previous study, 6 we found that Pseudomonas maltophilia and Candida parapsilosis could remove proteins from shrimp shells, although they could not deproteinize squid pens efficiently. Thus, we suspected that squid pen may be covered by a layer that protects them from degradation by microorganisms. Hunt and Nixon 7 analyzed amino acid compositions of Loligo vulgans pens and found that the pens were rich in proline, glycine and alanine. As collagen is composed of higher quantities of proline, [8] [9] [10] we therefore intended to hydrolyze decalcified squid pen using enzymes that can hydrolyze collagen-like substances. The residues were then examined using a scanning electron microscope (SEM), amino acid analysis and electrophoresis of proteins to further understand the cuticle structure of squid pens.
MATERIALS AND METHODS

Materials, chemicals and enzymes
Shrimp heads and shells from Solenocera prominentis were collected from local marine food industries. Squid pens from Illex argentinus were supplied by the Haigih Food Co. (Fungsan, Taiwan). Raw materials were treated with tap water to wash off meat residues and other contaminants. The drip-dried whole shells and pens (cut into 5 cm pieces) were decalcified by soaking in 2 N HCl (solid : liquid = 1 : 9) for 2-12 h (depending on the 
Deproteinization by proteases for chitin isolation
The decalcified samples (10 g) were reacted with alcalase, chondroitinase or collagenase (10 U/ 100 mL) in 100 mL of 0.2 M phosphate buffered saline (PBS, pH 7.5-8.5) at each optimal temperature and optimal pH for 24 h (60 r.p.m). The reaction was terminated by boiling (100∞C, 20 min). The treated sample was washed until it presented neutral pH and then dried (90∞C, 10 h).
Determination of protein and chitin contents
Protein content was measured according to the method outlined by Shimahara et al., 11 which has been used by Chen et al. 12 to determine the protein content in the decalcified shrimp-shell residues. Approximately 0.3 g of flake sample (cut into ª 0.5 ¥ 1 cm) was added to 50 mL of 10 N NaOH and the mixture was boiled (100∞C) for 30 min. After neutralization with 10 N HCl and centrifugation (9000 ¥g, 10 min) at 1∞C, 0.5 mL of the supernatant (or the diluted resultant) was mixed with 5.0 mL of 0.5 M acetate buffer (pH 5.1) and 5.0 mL of methyl cellosolve (Hayashi Pure Chemical Industries, Ltd, Japan) containing 0.5% ninhydrin and 0.15% hydrindantin. The mixture was stood for 10 min in boiling water and after rapid cooling in an ice bath, absorbance at 562 nm was measured using a spectrophotometer (U-2000; Hitachi, Tokyo, Japan). Bovine achilles tendon collagen (Sigma) was used as the standard for proteinresidue estimation. For chitin content, EDTA and NaOH were used to remove mineral and protein residues.
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Scanning electron micrography observation of squid pens
In order to observe the cuticle structures of squid pens, the pens (2 ¥ 5 cm) were decalcified using 2 N HCl and deproteinized using 2 N NaOH, alcalase and/or collagenase. The treated samples were then cut into smaller pieces (0.2 ¥ 0.4 cm) and were fixed in 0.2 M phosphate buffer (pH 7.3) containing 3% formaldehyde and 3% glutaraldehyde for 4 h (in an ice-water bath) and then in 1% OsO 4 for 2 h. After fixation, samples were dehydrated in ethyl alcohol (serially 50, 75, 85, 95 and 100%) and amyl acetate, subsequently dried in a critical point dryer (HCP-2; Hitachi), and sputtered in an ion sputter (E101; Hitachi). The treated specimens were finally observed under a scanning electron microscope (S-2400; Hitachi).
Assay of free amino acids
For this assay, 10 mg enzyme(s)-treated squid pen was added to 300 mL of 6 N HCl and was hydrolyzed at 150∞C for 90 min under vacuum. The hydrolyzed samples were dried overnight in a desiccator and then rehydrated in 500 mL of 2% sodium citrate buffer (pH 2.2). After filtration (0.45 mm), the filtrate was diluted (1 : 99) and analyzed using an amino acid analyzer (Beckman 6300; Beckman Coulter, Inc., CA, USA).
Electrophoresis of proteins in treated squid pens
Dried squid pen sample was ground with the same weight of PBS (pH 7.0) at 4∞C.
14 After centrifugation (15 680 ¥g, 15 min), supernatant was mixed with same volume of Coomassie Brilliant Blue overnight. During the sodium dodecylsulfate-polyacrylamide gel electrophoresis (SDS-PAGE), a 12.5% SDS-PAGE gel was used. Electrophoresis was performed under a constant voltage of 100 V according to the method reported by Laemmli. 15 The gel was fixed, stained and destained as described by Neuhoff et al. 16 
Statistical analysis
Each experiment was carried out on three individual tests. Analysis of variance (ANOVA), followed by Duncan's multiple range test with a significance level of P < 0.05 was performed on the data using the Statgraphics Statistical Graphics System (Version 5.0; SPSS Inc., Chicago, IL, USA).
RESULTS AND DISCUSSION
Treatment by alcalase, collagenase or chondroitinase on squid pen could not hydrolyze squid pen proteins efficiently; however, alcalase could hydro-lyze 95.4% of protein from decalcified shrimp shell (Table 1) . When decalcified squid pen was treated by alcalase, the protein content of the pen decreased from 58.85 to 45.81%. However, when the pen was washed and then treated by collagenase, the content of protein was decreased to 40.10%. When treated by chondroitinase or collagenase alone, the protein content of the pen was decreased from 58.85 to 48.59% and 45.89%, respectively. Thus, collagenase was more efficient than chondroitinase in hydrolyzing the coating substance on squid pens. When a chondroitinaseor collagenase-treated sample was then treated by alcalase, the protein content decreased from 48.59 to 14.99%, and from 45.89 to 10.77%, respectively. Therefore, a layer of collagen-like substance may coat the squid pen. This substance comprises approximately 22% of the total proteins in the pen. The other proteins in the pen that could be hydrolyzed by alcalase comprise approximately 60% of the total proteins. As the pens were cut into pieces (2 ¥ 5 cm) during enzymatic treatments, the removal of 13.0% of proteins after the treatment by alcalase on decalcified squid pens could be from the cutting sections or from the portions where the collagen-like substance was not coated. Acid treatment for decalcification of squid pen could not hydrolyze proteins in the pen. 6 As the mineral content in the pen is as low as 0.41%, 6 decalcification is generally omitted during isolation of chitin from the pens.
The cuticle structures of squid pen observed under SEM after different treatments are shown in Figs 1 and 2 . Although some connective tissue appeared on this part of the surface of native (untreated) squid pen, the surface appeared smooth without appearance of particles (Fig. 2a) . A lamellate structure was found on the cross-section (Fig. 1a) . After decalcification using HCl and deproteinization using collagenase, many small (0.1 ¥ 0.3 mm) cuneiform particles were found spread over the surface and section of the pen (Figs 1b,2b) . As the particles disappeared after treatment with alcalase (Fig. 1c) , the particles are thus proteins that cannot be hydrolyzed by collagenase but can be hydrolyzed by alcalase. These cuneiform particles and proteins that can be hydrolyzed by alcalase comprised approximately 60% of the total proteins in squid pen (Table 1) . After removal of these proteins, the pen revealed lamella (Fig. 1c) , which could be mainly composed of chitin. Figure 1d shows the lamellate structure of squid pen after deproteinization using NaOH.
The thickness of chitin lamellae was approximately 1.7 mm. The space between two lamella was approximately 5 mm. As non-sulfated acidic polysaccharides that cannot be hydrolyzed by chondroitinase but can be hydrolyzed by papain or alkaline borohydride have been isolated from squid (Sepia officinalis) pen, 17 we infer that the spaces between two chitin lamella in Illex argentinus pen may be filled with proteins as well as acidic polysaccharides.
Hunt and Nixon 7 analyzed amino acid compositions of squid (L. vulgans) pen and found higher contents of proline, glycine and alanine in the pen. ‡ Acid decalcified residues were deproteinized by NaOH.
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Collagen is composed of higher amounts of proline, hydroxyproline and glycine. [8] [9] [10] In our acidhydrolyzed squid pen residues after different treatments, free amino acid profiles are shown in Table 2 . Contents of some non-polar amino acids such as proline, glycine and alanine were higher (12-14% of total amino acids) in native pens. This result is coincident with that of Hunt and Nixon, and indicates that the protein in squid pens is also related to collagen. In decalcified pens, total amino acid content was reduced by 4.6%, compared with the native. Welinder 18 reported that there is little difference in amino acid compositions in crustacean cuticle before and after decalcification. Reductions of amino acid contents in hydrolytic solutions of decalcified squid pens after collagenase and then alcalase deproteinization were 8.5 and 50.9%, respectively, when compared with that of decalcified pens. These results are different from the protein removed by collagenase and collagenase and alcalase (13.0 and 48.1%, respectively). The deviation could have resulted from the methods used.
Chondroitin sulfates A, B and C are polysaccharides composed of equal moles of 2 N-acetylgalactosamine, D-glucuronic acid (or L-iduronic acid for B type) and sulfuric acid. 19 Chondroitinase ABC is an endoeliminase that splits b-1,4-galactosaminidic bonds between N-acetylgalactosamine and either D-glucuronic acid or L-iduronic acid and degrades a variety of glycosaminoglycans of the chondroitin sulfate and dermatan sulfate type to the respective unsaturated disaccharides. 20 This enzyme can also digest type IX collagen giving a ratio of 4-sulfated to 6-sulfated disaccharides of 3 : 1. 21 Therefore, chondroitinase ABC can hydrolyze chondroitin sulfate and certain types of collagen. However, the collagen molecule is a polypeptide chain with a very high percentage of glycine residues. [8] [9] [10] Collagenase initiates the degradation of collagens. The resulting fragments then denature at physiological temperature and become degraded by general proteases. 22 In addition, from our finding, collagenase was more efficient than chondroitinase to hydrolyze the coating substance on squid pens. Thus, we are sure that the surface layer of the pens contains a collagen-like substance but may not contain chondroitin sulfate.
The electrophoregrams of SDS-PAGE of PBS extracts of squid pen after decalcification and/or deproteinization are shown in Fig. 3 . Native pen exhibited a main deeply stained band (lane 2). Thus, of proteins in native pen without decalcification, only those with a molecular weight of 22 kDa could mostly be dissolved in PBS. We infer that a small amount of mineral (e.g. CaCO 3 and CaSO 4 ) may combine with the collagen-like substance covering the pen. This calcium-bound protein could not be dissolved in PBS. However, after decalcification, three bands including a narrow faintly stained band with a molecular weight of 28 kDa and two deeply stained bands with molecular weights of 14.4 and 18 kDa (lane 3) were found on the gel. After the subsequent treatment by collagenase, the band with a molecular weight of 28 kDa disappeared (lane 4). During decalcification of the native pen, the treatment by HCl may change protein structures and, consequently, affect the active sites for proteases.
14 By the treat- ment with collagenase on the decalcified pens, subsequently, not only collagen, but other modified proteins might also be partially removed. Thus, two bands (14.4 and 18 kDa) on lane 4 ( Fig. 3) became faint after staining. Finally, however, with successive treatment of alcalase, no bands were observed on the gel. The residue of protein in the pen (10.8%, Table 1 ; or 18.3% of total protein) could be that which was neither hydrolyzed by alcalase nor extracted by PBS. As the molecular weight of collagen is 28.3-30 kDa, 23 the protein exhibited on the gel with a molecular weight of 28 kDa could be a collagen-like substance. As collagens are grouped into several types, 22 the Nterminal amino acid sequences of cuticle collagens purified from the pens of different squid species will be studied to reveal the patterns.
Many researchers have pointed out that the chitinous substance in squid pen is composed of b-chitin.
2,24-26 b-Chitin structure is related to the collagen-type cuticle of Loligo spp. 27 However, the distribution of collagen in the cuticle is not described. We suggest that the cuticle structure of I. argentinus pen could be as shown in Fig. 4 , which indicates a thin collagen membrane combined with mineral coating the pen. Cuneiform protein particles that cannot be hydrolyzed by collagenase are spread inside the membrane and cuticle and bind with chitin. Chitin layers exhibit a lamellate structure on which proteins other than collagen are bound. 
